Introduction
Human impacts strongly control vegetation development patterns, in particular, in moun tainous regions, due to tourists (Myers & Bazely 2003 , Turton 2005 . Roads, including mountain trails, are convenient corridors for the movement of non-native species via hu man activities (Trombulak & Frissell 2000 , Thiele & Otte 2008 . As a result of human impacts, roadside grassland vegetation de creases in cover, and native herbaceous plants are excluded by exotic ones (Goudie 2005) .
Quercus garryana Douglas ex Hook. is distributed in the Cascade Range from Cali fornia, USA, to British Columbia, Canada, and is often dominant in the mountainous re gions (Thilenius 1968 , Thysell & Carey 2001 . In the western USA, oak forests have been widely utilized as recreation areas (Riegel et al. 1992 , Thysell & Carey 2001 , and exotic herbaceous plants have dramatic ally increased along roads and campgrounds in those parks. The effect of human impacts on oak forest grassland vegetation should be monitored to conserve and restore the natural vegetation of those recreational areas.
To conserve understory vegetation in fo rests, environmental determinants on plant distribution patterns should be clarified. However, environmental factors interact such that the factors that influence the veget ation are complex (Walker & Chapin III 1987) . Bare area is used as an indicator for environmental deterioration (Watkins et al. 2003 , Labuz & Grunewald 2007 . In particu lar, environmental factors on ground layer are influenced by the upper layers, such as canopy. Therefore, the distribution pattern of canopy layer should be mentioned, because the pattern might be modified by road con struction. Based on these consideration, we conducted: 1) finding out grassland vegeta tion establishment patterns along a cover gradient, 2) detecting the environment-spe cies relationships, and 3) seeking indicator species and environmental factors that illu strate the development of roadside grassland vegetation. (Thilenius 1968) . In Oak Creek Wild life Area, trees were 10 to 20 m in height, and were sparsely distributed. So far, log ging and seeding have been performed as needed. Although 2 000-3 000 elk (Cervus canadensis Erxleben nelsoni Batley) live in the wildlife area, grazing does not modify vegetation (Rexroad et al. 2007 ). In Yakima (46 o 34' N, 120 o 32' E), mean annual tempe rature is ca. 10 o C, and mean annual rainfall is 205 mm (NCDC 1993) . At Oak Creek, dirt trails and roads are constructed and road width is usually 4 m.
Study area and methods
To detect plant establishment patterns along disturbance gradients, in particular, when bare ground is developed, plot cover classes are often used (Sauer & Ries 2008 , Moreno-de las Heras et al. 2009 ). In this study, plot cover was classified into 3 ca tegories: 1: 0%-40%; 2: 40%-60%; and 3: 60-100%. In each category, sixteen 0.5 × 0.5 m 2 plots were randomly set up in the summer of 1993. Percent cover of each vascular plant species was visually estimated in each plot divided into twenty-five 10 cm × 10 cm cells. In each plot cover class, percent fre quency for each species was calculated. Dis tance from the roadside, litter thickness and percent canopy cover were determined for each plot. Percent tree canopy (more than 2 m high) cover was visually estimated in a 5 × 5 m area above each plot. Distance, litter thickness and slope were measured on the center of each plot by a tape, ruler and clino meter.
The differences of environmental factors, plot cover and species richness between the cover categories were analyzed by Scheffe's test (Zar 1999 Roadside grassland vegetation in a Quercus garryana forest, that is one of the dominant species in west Cascade, on the Oak Creek Wildlife Area, Naches, Washington, USA, was investigated to determine the patterns of human impact on the vegetation along mountain trails. Vegetation and environmental data were collected on forty-eight 50 cm × 50 cm plots. Plot cover ranged from 3 to 100% (1 to 8 species) and most of the cover was from exotic species. In order to explore vegetation patterns the following environmental variables were measured: slope, tree canopy area, bare area, distance from road, and litter thickness. The vegetation data and environmental variables were examined using Canonical Correspondence Analysis (CCA). CCA showed that canopy area played important roles in vegetation development. Litter thickness and soil firmness also seemed to be related to the vegetation pattern. Distance from the road affected plant cover but was not related to canopy area, and litter thickness, suggesting that the distance was not a prime determinant on the ve getation pattern a priori. Species richness was the highest in mid-vegetation cover plots, i.e., 40-60%. An exotic plant, Sisymbrium officinale, increased in frequency with a decrease in vegetation cover, and two exotic plant species, Achillea millefolium and Anthoxanthum odoratum, occurred with S. officinale. S. officinale may be a good indicator for evaluating environmental deteriora tion. The preservation of canopy cover is of prime importance for nature con servation in forested recreational areas.
Keywords: Canonical Correspondence Analysis (CCA), Oak forest, Roadside, Lit ter thickness, Species indicator each species were calculated according to Colwell & Futuyma 1971 . Niche breadth and overlap range from 0 to 1. Niche breadth evaluates habitat preference, while niche overlap indicates the similarity of habitat preferences between two species. Environ ment-species and environment-plot relation ships were investigated by Canonical Corres pondence Analysis, in order to simplify the analysis of species-environment relation ships in a technique analogous to linear re gression (Leps & Šmilauer 2003) . The nature of the relationships can be shown in an or dination diagram by vectors with lengths proportional to their importance and direc tions showing their correlations with each axis. The t-values of environmental variables can be compared with the Student t-distribu tion, i.e., a variable contributes significantly to the regression when it exceeds the critical value. Species and samples are plotted in the ordination diagram such that major relation ships can be directly observed. Species matrices were composed of percent cover for species with more than two occurrences. The hypothesis of non-significant variation from that explained by a random variable was tested by the Monte Carlo test with 499 un restricted permutations of the constraining variable.
Results
Distance from the road varied from 0.0 m to 13.0 m (Tab. 1). Slope ranged from 0° to 27°, and steep slopes had low plot cover. Steep sites were distributed more on areas closer to road. Litter thickness ranged from 0.0 cm to 5.5 cm, and did not differ between cover categories. This implied that litter thickness is variable in each cover class. Tree canopy cover varied greatly from 0% to 80%, and there were no significant diffe rences between cover categories.
There were 31 vascular plants in the sur veyed plots. Vegetation was 50 cm high on average. There were not great differences in species composition among cover categories, although plot cover varied from 3 to 100%. Ten species were exotics, and the common exotics were Sisymbrium officinale L., An thoxanthum odoratum L., and Achillea millefolium L. (Tab. 1). S. officinale oc curred in most plots, and Poa nervosa (Hook.) Vasey, A. odoratum and A. millefo lium were also common. Those four species had a frequency greater than 40%. Of those four species, only P. nervosa was native. No other species had a frequency less than 20%.
On exotic species, Sisymbrium officinale was widespread, but decreased in frequency with an increase in plot cover. In contrast, Achillea millefolium, Festuca elatior L. in creased in frequency with increased plot cover. P. nervosa and Elymus cinereus (Schrib. Et Merr.) Love, two native species, decreased in frequency and cover in plots with less than 40% in cover. Species rich ness was highest in mid-cover plots (ca tegory 2 = 40%-60% in cover), and was the lowest in low-cover plots.
S. officinale showed the highest niche breadth (Tab. 2). Three exotic species, S. of ficinale, A. odoratum and A. millefolium, showed high niche overlaps with each other, i.e., more than 0.53. The niche overlaps of other species were less than 0.36. On native species, Poa nervosa established with those three exotic species. However, Melica spec tabilis Scribn. showed less than 0.11 niche overlaps with any other common species, ex cept 0.23 overlap with P. nervosa that is na tive. 
Tab. 1 -Mean environmental factors (± S.D.) and plant cover

Roadside vegetation in an oak forest
The first two axes of CCA explain 45.0% of species-environment relation (Fig. 1) . Species-environmental correlations were 0.930 on axis I and 0.823 on axis II. Uncon strained Monte Carlo permutation tests showed that these results were significant at P < 0.01. Of the available environmental variables, litter thickness and canopy area were strongly related with axis I. Canopy area had a significant t-value on axis I (tvalue = 3.79), but litter thickness was not significant (absolute t-values = 1.62). This result suggested that the prime determinants on community patterns could be regarded as canopy area that was mostly occupied by Quercus garryana. Distance from the road is associated with axis II. The significance was confirmed by the high t-value (absolute tvalue = 5.61). Slope was not strongly related to any axes. The plot scores did not make any aggregative patterns in relation to cover category, and bare area was not a prime de terminant on vegetation pattern.
Festuca elatior and Melica spectabilis Schribn. showed high values on the first axis, while the other species had low scores (Fig. 1) . This implied that these two species established well on plots with high canopy cover and/or thick litter. However, the niche overlap between them was extremely low (Tab. 2). These results implied that F. elatior and M. spectabilis did not establish together but had similar habitat preference. Because species less than 20% appearance frequen cies, including F. elatior and M. spectablis, showed low niche overlaps, probability that these infrequent species appeared in the same plots was low and thus niche overlaps became low. In contrast, Lepidium virgini cum favored to establish on plots with low canopy cover and/or thin litter (Fig. 1) . Poa nervosa established more on plots that were apart from road.
Discussion
The species composition did not change greatly along plot-cover gradient, and most species reasonably declined in cover and/or frequency with a decrease in plot cover. However, Sisymbrium officinale showed a specific establishment pattern along the gradient, i.e., this species increased in fre quency with decreasing plot cover. Species being adaptive to disturbed environments, such as exotic species, are used as indicator species to evaluate environmental deteriora tion (Gibson & Bosch 1996 , GuerreroCampo & Montserrat-Marti 2004 . In parti cular, outdoor recreation represented by hi king and camping greatly affect the distribu tions of species and vegetation in moun tainous regions (Pottio & Beatty 2005) . S. officinale could be an indicator for human impacts in roadside grassland vegetation in oak woodlands. An exotic species for Ger many, Heracleum mantegazzianum utilizes roadsides for invasion (Thiele & Otte 2008) . Niche overlaps show that the three species S. officinale, Anthoxanthum odoratum and Achillea millefolium overlap highly in esta blishing sites, although the latter two species decrease in frequency with a decrease in plot cover. Those results suggested that the two species are more intolerant than S. officinale to land cover decrease.
The species richness is the highest in midcover plot, due to the abundance of exotic species. This pattern could be supported by intermediate disturbance hypothesis, in par ticular, for exotic species along forest roads (Watkins et al. 2003) , and the further pro blem is the high species richness is main tained by exotics. When the highest species richness is observed in intermediately dis turbed grassland in the mountainous regions of central Alberta, Canada, exotic species contribute greatly to the high species rich ness on more intensely disturbed areas than native species due to higher tolerance to hu man disturbances (Vujnovic et al. 2002) . Those indicate that high species richness is not always desirable when exotic species modifies vegetation patterns.
An upper layer, such as canopy, can modi fy the lower layers, via various pathways. Even though tree canopy cover is low, it af fects understory vegetation patterns by influ encing sunlight and/or soil development (Oliver & Larson 1996) . Likewise, the pat terns of human impacts, including trampling, on vegetation are associated with tree crown distribution patterns in forested recreational areas, because road network is designed based on topography and tree distribution (Simonds 1997) . Trampling decreases the depths of soil and litter (Goudie 2005) . Therefore, the distribution of tree canopy is likely to be a trigger that promotes various environmental changes, e.g., litter thickness, and trampling. Distance from the road is related to the second axis, not to the first axis. This indi cates that human impacts such as trampling are not always intense on roadsides in recre ational areas and that distance from the road is a distinct factor from the factors related to the first axis, i.e., tree canopy cover. How ever, exotic species are common even far from the roadway in the oak forest (Thysell & Carey 2001) , showing that human impacts have an effect not only near roadside areas, in particular, in the recreational areas of mountain regions.
In conclusion, the prevention of tree den sity and distribution is of prime importance for the herbaceous vegetation development, because trees and forests control not only distribution patterns of soil and sunlight factors but also the patterns of human im pacts, such as trampling. To change the pat tern of human impacts, the arrangement of road network should be re-considered (Gel bard & Belnap 2003) . To conserve moun tainous recreational areas, therefore, the lay out of road networks, including mountain trails, should be mentioned carefully.
